EE362 Week 15 


Design Via Root Locus 


Active-Circuit Realization 
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Passive-Circuit Realization 
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Example 


Design a PI controller to drive the step response error to zero for the unity |. 
feedback system shown in Figure below, where 





K 
(s+ lis + 3)(s + 10) 


Ris) A E(s) 





GU e 


The system operates with a damping ratio of 0.5. Compare the specifications 
of the uncompensated and compensated systems. 


Uncompensated system: Search along the = 0.5 line and find the operating point is at -1.5356 + 





j2.6598 with K = 73.09. Hence, %OS = الا‎ 100 = 16.3%; T, = ET = 2.6 seconds; Kp 


73.09 





=2.44. A higher-order pole is located at -10.9285. 
Compensated: Add a pole at the origin and a zero at -0.1 to form a PI controller. Scarch along the C= 
0.5 line and find the operating point is at -1.5072 + j2.6106 with K = 72.23. Hence, the estimated 


. om سس‎ | / ei IKEA dt 
performance specifications for the compensated system are: “005 = e X100 = 16.325 T,= 


4 





1.5072 


compensated system should be simulated to ensure effective pole/zero cancellation. 


= 2.65 seconds; Ky = 00. Higher-order poles are located at -0.0728 and -10.9125. The 
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$Gc- 


20 


close all 

K-1 

Gl-tf(K,poly([-1 -3 -10])) 
rlocus (G1) 
5:31:18 (0.5.0) 
est (EL 8 
G-Gl*Gc 

Ligure 
5165818 gi 
title('Plant + PI') 
Sgrid(0.5,0) 

figure 

K=72 

T= feedback (K*G1, i 

(WE feedback (K*G, ۶ 
figure 

SLep (2, T1 

legend ( ‘uncompensated’, 


[1 0]) 


Root Locus 
30 e e ا‎ 
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Dominate poles حر ر8‎ -1.542.58) 
G, = af = id 
P )s+1()s + 3)(s + 10) ` §3 + 1452 + 43s + 30 
Sich 
K =~ = 70.5 


Gp s=—1.5+2.6j 
For unity feedback 1+KG,(s)H(s) = 0 
53 + 14s? + و43‎ + 30 + K = s? + 14s? + 43s + 100.5 


Roots([1 14 43 100.5[( ....-1.542.6j , -10.9 





Plant with PI 
ah __ (s+0.1) K 
G= GG, = s ` (s+1)(s+3)(s+10) 
s(s + 1)(s + 3)(s + =) 
= ديو | ے‎ SS ZER 
K (s + 0.1) A 1.5+2.58([ 
For unity feedback I-KG(s)H(s) = 0 


s(s + 1()5 + 3)(s +10) + K(s + 0.1) = s^ + 14s? + 4362 + 30s + 71.85 + 7.18 = 0 


Roots([1 14 43 102 7.18]) sever 1 542.6f , - 0.0728 , -10.9 
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Example m 
Consider the unity feedback system shown in Figure below, 





5 
s (S*2) (S+5) 


G(s) 5 RUI A 





a. Design a PI controller to drive the ramp response error to zero for any K 
that yields Stability. 


b. Use MATLAB to simulate your design for K = 1. Show both the input ramp 
and the output responses on the same plot. 


([/ عر ا سے پت ا 
وو وو او :وف فال 59:52:99 
aaa a A E O E EA‏ د00 دہ ا 


S + 0.01 





a. Insert a cascade compensator, such as G (5 EZ 
d 


Close all 

K-1 

Gl-zpk([],[0,-2,-5],K) tG1=1/s (s+2) (s+5) 
Gc-zpk([-0.01],[0],1) $Gc- (s*0.01) / و‎ 

G=G1*Gc 

rlocus (G) 

Tp= feedback (G1,1) 

Tpc-feedback (G,1) 

T1-tf(1,[1,0]) $Form 1/s to integrate step input 
Tp=Tp*T1 

Tpc-Tpc*T1 

t=0:0.1:200; ES. 05M 
step (hl. fe, pe, ti IR $Show input ramp and ramp 
response 


legend('ramp','without PI','with PI') RE ME 


title('ramp response') 
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Time (sec) 





apnd wy 


ramp response 





Example 
The unity feedback system shown in Figure below is operating with 10% 


overshoot. 





Ris) 4 


a. What ıs the value of the appropriate static error constant? 

b. Find the transfer function of a lag network so that the appropriate static error 
constant equals 4 

without appreciably changing the dominant poles of the uncompensated system. 
c. Use MATLAB or any other computer program to simulate the system to see the 
effect of your compensator. 


a. Searching along the 126.16° line (10% overshoot, € = 0.59), find the operating point at 


20 
Sx (3495 


-1.4 + 51.92 with K ?0. Hence, Kp wd 


s+0.3 
st. j 





b. A 3x improvement will yield Kp = 4. Use a lag compensator, G,(s) = 
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close all 











K=1 
Gp=zpk ({],[-1,-3,-5] ,K) %G1=1/s (s+2) (s+5) 
rlocus (Gp) ۱ 35 
sgrid(0.59,0) 
figure 
Gc-zpk([-0.3],[-0.1],1) 
G-Gp*Gc 
rlocus (Gp) 
figure 
K=20 5 from rootlocus os=10% 
Tp= feedback (K*Gp, 1) 
Tpc-feedback (K*G,1) 
t=0:0.01:20 
T=1 
step (Tp/Tp, Tp, Tpc) ۱ 
legend('Ref','without lag','with lag') 
Step Response 
| | مشش‎ 
09. 3 — i 
7 | | ایس سس ضس ںہ ہیں‎ E ETE | Nr | 
mett Final Value: 8 
P po See" Syst اك‎ M] Dë 
| 1 Time (sec): 9.28 | 
gp ہے اہ و ہے‎ re | 
به‎ | 3 5 System w ithout lag 
3 os! F Eier . 
چ‎ | | Ampituae: 0.571 | | 
oul | ظ‎ 
I @ ! 
| | 
03| i 1 
۲ | 
02:.! 
oi; f 
oj TE کی کر‎ E ME 
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PROBLEM: A unity feedback system with the forward transfer function 
-— K 
i s(s + 7) 


Operating with a closed-loop step response that has 15% overshoot. Do the‏ ذا 
following:‏ 


a. Evaluate the steady-state error for a unit ramp input. 


b. Design a lag compensator to improve the steady-state error by a factor of 20. 


c. Evaluate the steady-state error for a unit r 


imp input to vour compensated 
system. 


d. Evaluate how much improvement in steady-state error was realized. 


a. Searching along the 15% overshoot line, we find the point on the root locus at —3 5 


+ j5.8 at a gain of K = 45.84, Thus. for the uncompensated 


System, K, = lim sG(s) —K/7-45.84/726.55. 


Hence, © ings. سه‎ 009) 9 14. IK. 99 0.1527. 
b. Compensator zero should be 20x further to the left than the compensator pole. 
Arbitrarily select G (5) = eS 
(s+0.01) 
c. Insert compensator and search along the 15% overshoot line and find the root locus 


at 


—3.4 + j5.63 with a gain, K = 44.64. Thus, for the compensated 


44.64(0.2 | 
system, K, = nts -127.5 Ande, nu (09) = — = 0.0078, 
(7)(0.01) PM A 
d Fo DN OP nn, , e 32 عم‎ 
^ ME کر رس رسا ہس‎ = 0.1527 = 19.58 
e 0.0078 ظ‎ 


PENN الاي ل‎ pS 
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$Form 1/5 to integrate step input 


v. رک سم‎ ———— ` Te" medi E امس‎ mg م ا‎ 


close all 

K=1 

Gp=zpk([],[0,-7],K) %G1=1/s(s+2) (s+5) 
rlocus (Gp) 

sgrid(0.5.0) 

figure 
Gc-zpk([-0.2],[-0.01] ,1) 
—-Gp*Gc 

rlocus (G) 

figure 

K-45.85 

Tp- feedback (K*Gp,1) 

Tpc-feedback (K*G,1) 

K=72 

T1-tf(1,[1,0]) 

Tp=Tp*T1 

Tpc-Tpc*Tl1 

t=0:0.1:200; 


% from rootlocus os=15% 


step (T1,Tp,Tpc) $Show input ramp and ramp response 


legend('ramp','without lag','with lag') 
title('ramp response') 
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